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RenewableSourcesof Energyin Pakistan
M.M. QURASHI*
Thispaperhasbeendividedinto threeparts.PartI setsthebackgroundof
energyfordevelopmentandsomefeaturesof thePakistansituation.PartII shows
theneedfor renewablesourcesandintroducestheirlikelycontributionin thenear
future(2,000A.D.). In thethirdpart,weexaminethevariousrenewablesourcesof
energytoobtainestimatesof theireconomicsandgivebroadrecommendations.
I
Oneof themostdramaticfeaturesofthetechnologicalrevolutionhasbeenthe
rapidlyincreasingdependenceof allhumanactivitiesonenergy,somuchsothatthe
modernwayof lifehasbeencalledthe"Energy-IntensiveCulture".Increasedpro-
ductivitypercapitanaturallyrequiresmoreworkandthereforehigher'energyinputs
for eachperson.It is thereforeunderstandablethathigherpercapitaGDPshould
beassociatedwithhigherpercapitaenergyconsumption,whichis oftenusedasan
indicatorof development,cf. theinitiallinearpartof Fig.1. Ofcoursetherewillbe
someindividualvariations,asseenin Fig. I, dueto varioustypesof activity,but
whatisworrisomeisthesteeprisebeyonothemiddleof thecurve,perhapsindicat-
inghighlywastefulenergyuse.
Thedevelopednationsof theworldconsumefour-fifthsof theworld'sfossil
fuelsandelectricity.In sharpcontrast,themoreor lessneglectedpeopleof the
developingcountriesof theworldhaveanextremelydifficultpresentandableak
future,largelybecausetheyarepoorin energy.Thisis borneoutby thefactthat
countriesatthelowerendof energyconsumptioni Fig.1arelackinginlarge-scale
industrializationa dadequatefood,housing,transportation,sanitation,andmedi.
careand havelow productivityin termsof agriculture,mineralsandindustrial
commodities.
*NationalPhysicalandStandardsLaboratory,Islamabad(Pakistan).
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The energypictureof the world suffereda very drasticchangetowardsthe
endof 1973whenthe oil-producingcountriesdecidedto increasethepriceof crude
oil by a factorof fivefrom2 dollarsto 10dollarsperbarrel.The economicdevelop-
ment'of developingcountrieshassincethen beengreatlyhamperedby the ever-
increasingpricesof oil; seeFig. 2, which showsthatwhereasin 1960the oil prices
werewellbelowthecost-of-livingcurve,theywerewellaboveit in thelateSeventies.
Power inputsareneededfor nearlyall agriculturalandindustrialdevelopment.
For the developingcountriesgenerally,the effect of higheroil priceshasbeento
makeit difficult and,in somecases,nearlyimpossibleto overcomepowershortages
by importingcheapoil, as they did in the past. In the long term,the only real
bottleneckpreventingdevelopmentis shortageof energy.
Estimatesof probablecumulativeworldenergyconsumptionareshowngraphi-
cally in Fig. 3, wheretheupperand lowercurvesarefor the two extremecases[5,
p. 186] of the so-called"High Scenario"andthe "Low Scenario". Both indicatea
totaldepletionof thesefossilfuelsby themiddleof the21stcenturyA.D.
There are two main strategiesbeingconsideredat the moment:(a) The first
alternative,the so-calledHardPath, is basedon the theoryof 'demandaccommoda-
tion', while (b) the otheroption - the 'Soft Path' - involvesradicalchangeat the
earliestopportunity. This hastwo aspects,viz. 'substitution'and'shift'. Examina-
tion of Fig. 3 showsthatasoil dropsoff, theuseof coal-basedsyntheticfuelswould
risesharply. This is essentiallya caseof fuelsubstitution.Secondly,asfaraspossi-
ble, therewould be a shift awayfrom consumptionof energyfrom non-renewable
sources,suchascoalandfirewood,to increasinguseof windpower,tidalpower,and
biogas,solarand geothermalenergy. This shift hasto be of a magnitudethat will
fully takecareof all theincreasesin futureconsumptionfromnon-renewablesources.
(This is the'shift' aspect.)
The total energyconsumptionmay still remainat the presentlevelsor may
evencontinueto grow;but thegapshouldbefilledby othersources,namelynuclear
power and renewablesourcesof energy, like hydro, biomass,solar and wind
energy.
Ideally, the developingcountriesshouldthemselvestake the necessarysteps
However,at the momenttheyhaveneitherthemotivation,nor thecapitalresources.
In this setting,it is for the industrialworld to comeforth to helpthe Third World
to slow downandchangedirectionby developingrenewablesourcesof appropriate
energytechnologiesand their adoption. (The industrialworld has the capital,
sophisticatedknow-howand indeedthe R & D resourcesfor a RenewableEnergy
basefor differentThird Worldareas.) In thisway, it would bepossibleto mobilize
indigenousnewandrenewableenergysourceshithertopoorly utilized;solarenergy;
wind; geothermalenergy,biomassand liquid fuels manufacturedfrom biomass-
ethanol,methanol,vegetableoils;tide& waveenergy;oceanandthermalenergy.
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Fig. 1. Energy Consumption versusper capita Income for Various Countries
(1972-DATA)
-_.
10 1
I I I
r10
-i'>I I
G\
1900 1920 1940 1960 1980 0
Yea r . -t-55 -I
r
:\ 0/
e /'7v"'''' 6', I0\ (> .c .>
.\. I
'-
78
....J
'- + i 1.0
1.0i '0
.....
VI Ie)0
. 6.J
s::u
>- .-l- A --- 0;;"'--0.4 i 00 . 0.40 ./ + Cost of
1litre ofPetrol
0.2 J + I- 0.2
1860 1880 1900 1920 1940 1960 1980
I 0.1-,---0.1 I I I I I I I I I
1850 1900 1950 2000
Fig.2
Cumulative energy consumption nWYr)
<5
'"
'" <S1 <S1 00 0 0 0 0 0o 0 0 0 0 010
....r--
0 In..... I I
I 0 0 1 IIIO:>p 1 I...."'-1<S1C 1 I
1;:.,.g'3. - I I. :E 1 I1 II .....:>" rrlo
l:Ec'< -g---+l 1 '"I-<'O 1 ;:S10- I '"'''-/0 .... 10" :-- IJ '"
I 1 <:>-, '<
I I '"'I
I 1I
1 I <::>I I 1 s::I I
1-< "'I I '".,
1fQ'
/I) OJ I 1
.:;Q 01 I 1IN .., 01 I 1 t>J;:sI J 1 '"I I ,... ,I
I 0 1I
I J: 1 S.1
1 '" 11 - :J'
I I' :Eo <.n -.I 1 n I .,rrI=: /0 ;;:-
:0( 0"" J :> , ;:sG"I 0 1100 . II ""'" 0:-- II - 11 I
I 1"'I0,
....0
<5 ....
0 0
0 0
..... .....
:E :E
.t:.-< -<
0\" " -
462 M. M. Qurashi
ThePakistanSituation
Theenergypatternin Pakistanhasundergonea changesincetheadventof
naturalgas:utilizationof coal,whichwasnearly40percentormorepriortotheuse
of Suinaturalgas,hasgonedowntolessthan5percentof thetotalenergyconsump-
tionofconventionalfuels(Table1for1974-75).
Table1
Source-wiseEnergyConsumptionDistributioninPakistan
1974-75
Source
(i) Conventional
Oil
Gas
Coal
Hydroelectricity
Nuclear
ConventionalTotal:
(ii).Non-Conventional
Dung,Farmwaste,
wood,etc. 16.0
30.37
228.0
433.0
50.50
100.00Grand Total:
Althoughtheshareof electricityin theenergy-mixn Pakistanhasnotshown
anysignificantchangeoverthelast16years,theoverallgrowthrateoverthelast28
yearsin electricityconsumptionhasbeencalculatedat 15.9percentperannum,
whilethegrowthratebetween1965and1976wasalittleover9percentperannum,
i.e.doublingevery8years.
Today,theWAPDAgeneratingsystemconsistsof amixof hydelandthermal
powerstations,thetotalcapacityof whichis4,000MW,of whichhydelrepresents
63 percentof thetotal. (Thisof coursexcludesthe132-MWKANUPPPowerRe-
actorat Karachi.)Theincreasein totalinstalledcapacityrepresentsanincreaseof
32 timesin thepast23 years:powerdemandin theyear1960was131MWand
todayit is morethan3,163MW. Nevertheless,theoverallenergysituationisnota
heppyone. Pakistan'sa bleakpositioncanbevisualizedfromthefactthatitsper
capitaenergyconsumptionat presentis about5 millionBTU perannum,i.e.less
than0.3tonsof coalequivalent,a valueonly 1/lOthof theworldaverageat2.0
Ti"'1<'
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II
Eventoachieverathermodestgrowthtargetsduringthenext20years,Pakistan
wouldhaveto produce25,000MWof energy.Thistargetwill remainshortby at
least10,000MW,evenwhenprovenreservesof fossilfuelsandabout6,000MWof
additionalpotentialof hydroarepressedintoservice.It isthisyawningapthathas
gotto befilledin, andeffortsneedtobeintensifiedtointroducevariousrenewable
andnon-renewablesourcesof energy;coalandnuclearenergybeingstrongcon-
tendersin thelattercategory.
The first stepsareof courseconservation,i.e.moreefficientuseof fossil
fuelsinlargeinstallationsaswellasvehicles,andthecarefuluseof inter-fuelsubstitu-
tion,e.g.replacementof oil by coal-basedsyntheticfuelsor useof moresuitable
fractionsfor furnaceoil andinternalcombustionengines.Nevertheless,thedevelop-
ingcountriesmustplannowfor a transitionto a lesserdependenceon fossilfuels,
andbegina plannedintroductionof renewablenergysourcesoverthenexttwo
decades.
From a comparativestudyof two differentsetsof projections,thecontri-
butionsof themajorRenewableEnergySourcesto thetotalin 2,000A.D.maybe
takenapproximatelyasfollows(therangesgivenafter:!:representthevariationsin
thevariousprojections):
Table2
Contributionsof MajorRenewableEnergySources
Sources Contribution
1. Hydroelectricity 20% :!:10%
2. CropResidues,Biomass&Cow-dung 8%:!: 2%
3. Wind 7% :!: 1%
6%:!: 2%
5% :!: 1%
2% :!: 1%
It is seenthathydroelectricitywouldcontributealmostasmuchasall the
I ~_thersputtogetherin 2,000A.D. andthatgeothermalndoceanenergywouldbe
~lativelY minorcontributors.In thecaseof Pakistan,it is quitepossiblethatthe
TotalMTCE PerCapitaKgCE Percent
6.0 86.0 20.00
4.4 63.0 14.50
1.6 23.0 5.30
2.17 30.0 7.00
0.2 3.0 0.70
14.37 205.0 47.50
4. DirectSolarEnergy
5. Geothermal
6. OceanEnergy
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relativeimportanceof itemsNos.2and4,Le.WindEnergyandDirectSolarEnergy,
maybe interchanged,becausewindenergyis usablemainlynearcoastalareas.Of
course,theabovetablesdonot includenuclearenergy,whichis in somewaysa
renewablesource,i.e.in caseof fusionenergyandbreederreactors.Nuclearenergy
presentlycontributesabout4 percentof theworld'senergyconsumptionandis
expectedto contributeabout12percentin the1990s,whenover500nuclearpowe!
reactorswouldpossiblybeinoperation[9].
Thefundamentalissueinvolvedin theefficientuseof non-conventionalenergy
sourcesis to bringabouttheintegrationof socio-economicchangeswithtechnolo-
gicalinnovations,whichshouldbe essentiallysimpleandeasyto understandand
easyto operate(andmaintain)by theagrarianpopulation,mostof whichis either
illiterateorsemi-literate.
III
Thus,theoverallcostof generationaveragesaround30paisas/kWh.Thetrans-
mission,distributionandoverheadsaddnearlyanother25paisas/kWhtotheabove,
thusbringingtheaveragecostof electricitysupplyto about55paisas(i.e.nearly
40mils/kWh)inthecitiesandtowns.
(ii) Mini-Hydels:Smallpowerhousesof 50-500KWcapacityareof great
significancefor townsin thefar-awayhillyareasof thecountrywhereitwouldnot
be easyor economicalto takethe NationalElectricityGrid,butwheresizeable
streamsor rivuletsprovidehydelpotentialof upto 1Megawatt(1,000k..W)ateach
site. Thegenerationcostswiththeseso-called"mini-hydel"plantsare,of course,
greaterthanthoseindicatedin Table3 by a factorof 3 to 5,becauseof increased
capitalcostsperkW installed[3], butthisis moreor lessoffsetbytherelatively
lowercostsof transmissionli esetc.in thecaseof unitsof50to200kW,provided
theorganizationisrunonanefficientco-operativebasis.
(iii) Anotherattractiveconceptis thatof "micro-hydel"unitsof 1to 20kW
putuponaself-help,co-operativebasisin far-flungvillages[8] ofPakistan,thecost
reductionbeingachievedby usinga simplelocallymanufactured(Banki)turbine
andlocalresourcesfor itsinstallation,constructionof power-channelpenstockand
transmission/distributionlines.ThecapitalcostsrunaroundRs.2,000to 10,000per
kW installedandtheanalysisfor a typical12.5kWgeneratorput up in 1977at
LillowniontheIndusValleyhighwayshowsthatthenetcostofelectricitysupplied
wasRs.0.45i.e.40milsperkWh.Hundredsof suitablesitesareavailableandawait
theinstallationofmicro-hydelunits.
Withtheabovegeneralpictureof renewableenergyresourcesfor developing
countries,wecannowattemptsomeestimatesof theeconomicsof themoreimpor-
tantrenewables,withspecialreferenceto thesituationinPakistan.Reliabledataare
not availablein all cases,andtheirprojectionsevento theyear2,000A.D. are
fraughtwithnumerousuncertainties.Nevertheless,it is notdifficultoseethatthe
first four,namelyhydroelectricity,biomass,windanddirectsolarenergydeserve
immediateattention.Accordingly,wegivesubstantialdataonthesefour,followed
by abriefaccountof thepositionofgeothermalndoceanenergy.Asalreadynoted
earlier,theworld-wideprojectionshowthatof all therenewablestakentogether,
20-30 percentcontributionin 2,000A.D. wouldcomefromhydroelectricity.The
positioninPakistanis describedbelowforthefourmostsignificantrenewables,viz.
hydro,biomass,olarenergyandwindenergy.
Table3
Comparisonof Presentand1970CostsofElectricityGeneration
by variousmethods(paisas/kWh)- paisa=-1.3mil=0.13cent.
b. Biomass
Biogas:A family-sizedunitbasedon3 to 5 animals(i.e.50to 80Kg ofwet
dung/day)costsbetweenRs.4,000andRs.8,000,dependingondesignandlocation
[8]. Thewastefromonlyhalfof the60millionanimals(cows,buffaloesandgoats/
sheep)in Pakistan,couldprovide600millioncu.ft. of biogas/day,giving400
thousandmillionBTU/day,i.e. 150xlO12BTU/annum,i.e. 8 milliontonscoal
equivalent,or approximatelyone-halfof thetotalconsumptionof non-commercial
fuelsinPakistantoday.
Thefamilysizeplantgivesusabout70cu.ft.ofbiogascontaining60percent.
of methane,whichcorrespondsto 2 Kgcoal,normallycostingRs.3,orRs.5 inthe
formof Kerosenetoday.At thisrate,theinitialinvestmentcanberecoveredinthree
to fouryears.Twodifficultiesin popularizingbiogastechnologyare(i) capital,and
(ii)themessynatureof theinputs.
a. Hydropower
(i) Theedgeof Hydroelectricityovertheothershastodayincreasedsome-
whatrapidlyasaresultof increasedcostsof fossilfuels[1;3],asshowninTable3.
Years Hydel Gas-fired Coal-fired Diesel Nuclear
1970 0.9 4.1 5.2 10.2 (7)
1980-82 3 30 150 170 ("'60)
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Ethanolby Fermentation:This is alreadybeingdonein Brazilandsome
Europeancountries.Theenergybalanceof thefermentationprocessesi suchthat
wecanachieveaconversionof 70to 80percentof theavailablenergy[6;7],and
theproductcanthussellathalfthepriceof petrol.However,in manydeveloping
countries,theprimaryinput,viz.sugarcaneorcorn,hasacompetinguseasfood.
c. SolarEnergy
(i) SolarCells(Photo-voltaicgenerationof electricity)
Thishigh-technology,highcapital-investmentindustryiscurrentlyunsuitedfor
manufacturein mostof thedevelopingcountries.Prototypegeneratorsarenow
availablein variouscapacitiesupto 10kWandareundergoingfieldtestsinanumber
of situations,manywiththeco-operationof UNagencies.Themainproblemisone
of costwhichcurrentlyis $ 2,500,Le.Rs.35,000perkW. Thepriceof aconven-
tionalsilicon-cellis stillfalling,astheproductionincreases,buthasnotyetreached
thelevel($ 300/kWe)wheresuchgeneratorscanberegardedaseconomic;in com-
parisonwithothersources;eeFig.4. Anotherproblemis storagein orderto tide
overtheperiodswhenthesundoesnotshine.
It is seenthatin termsof cost/kWh,thesolararrayat300mils/kWhcurrently
compareswiththedieselunitoperating60percentof thetime[7], andthissmall-
scaledieselgenerationis3to5timesascostlyasordinaryelectricityfromthegridof
large-scalegeneration.Therehasto be a gooddealmoreR&Daswellastesting,
exceptfor smallpowerrequirementsof I to 2 KW in isolatedlocations,orforvery
specialuses,suchascommunication.
(ii) SolarCollectors
An alternativemethodof utilizingsolarenergyisby directlytrappingit with
solarcollectors.Theseareof varioustypesandhavemanyuses,suchaswater-
heating,room-heatingandcooling,waterdistillation,water-pumpingandcooking.
Water-Heating:A typicalsolarwater-heateris composedof 4 solarcollectors
with250litrestorage[2]. Thematerialscostof theunit is aboutRs.5,000and
thelabourcostis aboutRs. 1,000.Witha lifeof 10years,thethermalenergypro-
videdwouldcostaboutRs.0.30/kWh,whichcancompetefavourablywithelectric
oroil-firedwater-heaters.
RoomCooling/Heating:For cooling3 rooms(4.25x 4.25x 3 m)for 6-8
hoursin summer,80m2areaof solarcollectorswithdoubleglassarerequired.Heat-
ingin wintercanbeprovidedwholetime,usingthesecollectorswitha hot-water
storagesystem.ThecostofsolarcollectorisaboutRs.80,000/for80m2@1000/m2,
whichis expensivebut wouldpayfor itselfin reducedenergybillsoverthelifeof
thehouse.
Water-Distillation:A typicalsolarstillmayhaveanareaof 10-15 m2for
15-60litres.Thecostof theunitis aboutRs.6,000and,foranassumedlifeof 15.
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years,thecostof distilledwaterworksoutto Rs.0.034perlitreor Rs.0.140per
gallon,whichoffersagoodsolutiontoprovidepotablewateratareasonablecostin
remoteorcoastalareaswheredrinkingwaterisnotreadilyavailable[2].
(iii) SolarCooking
Theproblemsat presentarethatin thecheaperdesignsthehousewifedoing
thecookingis alsoexposedto thesun,andthatcookingis notpossibleaftersun-
downor evenlatein theevening.Considerabledevelopmentandextensionworkis
neededto overcomethesedrawbacksbeforesolarcookersgaingeneralacceptance;
alsoacheapheat-storagematerialneedsto bedevelopedto enablethecookertobe
usedwhenthesunisnotshining.
(iv) SolarDehydration
Theseunitshaveconsiderableapplicationfor dryingvegetablesin villagesand
fruitin remoteareas,whichcanthenbepackagedformarketing.
for oil-generatedpowerasa stand-byshouldalwaysbekeptin mind. Thewind-
powerplant,if properlyoperated,canstillresultin asubstantialsavingof fuel. A
wind-millpumpfor irrigatingseveralacresof landcanbe installedat a costof
Rs.50,000orso.
In localitieswithannualaveragewindspeedsofmorethan8to 10m.p.h.,wind
powercouldoftencompetewiththealternativemethodsofpowergenerationif the
questionof storagecouldbesolved.Thebestwaycurrentlytosolvethisdifficultyis
to employthe powerproducedfor someusefulwork with an inherentstorage
capability,e.g.water-pumping,water-heating,refrigeration.Waterchurnscaneffi-
cientlyconvertmechanicalpowerdirectlyintoheat.
SomeOtherSources
(v) SolarPumping
Thereareseveralsystemsfor pumpingwaterwiththehelpof solarenergy.
Amongthese,threeof themoreimportantonesare:
(a) Witha thermodynamic-cycleengine,usingalow-boilingorganicfluid,and
largeareaof SolarCollectors.Notableamongsuchsystemsi thatdevelo-
pedfromthedesignsbyGiradier.
(b) UsingSolarCells,as describedearlier,whichprovidesa compactand
handypowerunitof lKW orsoforpumpingwater.
(c) Witha StirlingCycleengine,whichutilizeshot air or othergasesasa
workingsubstance.Variousdesignsof thesearecurrentlyundergoinga
gooddealof development.
Thecomparativemeritsof thesesystemsareyetto beassessedfully,through
large-scalefieldtrials. Thecostsmostlyrangefrom100to 300milsperkWhof
energyutilizedinpumping.
(a) GeothermalEnergy
Theutilizationofgeothermalenergy,fromhotsprings&lmdergroundstreams,
for the productionof electricityandthesupplyof domesticandindustrialheat
datesfromtheearlyyearsof thetwentiethcentury.Unlikefossil-fuelor nuclear-
powerproduction,geothermalenergyis not a technologythat requiresmassive
infrastructureof facilitiesandequipmentor largeamountsof energyinputs.The
capitalcostsrunaround$ 500,000perM.W.andtheelectricitycosts15mils/kWh.
Boththetotalquantityof gasesin thefluidandtherelativeconcentrationof their
constituentsdependonthegeochemistryof theundergroundreservoir.
A plannedsurveyof thegeothermalpotentialof thecountryshouldbecarried
out. Theprogrammeshouldincludecollectionandtabulationof dataonthehot
springsof thecountry,aswellasanalysisof thefluidsproducedby thesesprings.
AppropriateR&Dstudiesmaythenbeinitiated.
d. WindEnergy
For suitablewindyregionsandparticularlyin coastalareas,wind-millscanbe
installedto producemechanicalenergy.An equivalentof 100billionwattsperyear
of powerin theshapeof windenergyis availableontheearth.At sea,thewindsare
evenstrongerthanon thelandsurface.Capitalcostsareestimatedat($ 1,000to
2,000/kW)forunitsinthe2kWto20kWrange.Withinterestat12percentp.a.and
amortizationover15yearsplus1 percentfor maintenance,thisgivesa generation
costof80mils/kWhat40percentutilizationfactor[6;7].
DirectwindmillpumpinghasbeenexperimentedwithinPakistanby WAPDA
andA.T.D.O. Asonecannotalwaysdependonwindpowerbeingconstant,heneed
(b) TidalPower
Tidal powercanbeharnessedat specificsites,wherethetidalamplitudeis
severalmetresandwherethecoastaltopographyis suchasto allowimpoundment
of a substanti~lamountof waterwithamanageablevolumeof civilworks.Some
sitesonthePakistancoastareworthinvestigating.Today,waveenergyisonlyused
on asmallscaletopowerbuoys;theaveragepoweroutputof thesesystemsranges
from70to 120W.
(c) OceanThermalEnergyConversion(OTEC)
Theprocessdependson thetemperaturedifferencebetweendeepsealayers,
whereit is 7-8°C atadepthof 1000Meter,andtheseasurfacelayer,whereit is
30°C.This differencein temperatureis employedto generatelectricity.The
technologyof OTECisbasedontheocean'sfu~ctioningasbothabsorberandheat
sinkfor solarradiation.Capitalcostsarehigh;but if energycostsarecompared,
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OTEC comparesfavourablywithoil andis onlyslightlyabovethecostof coaland
nuclearpowergeneration[4]. Energycostwasestimatedtwoyearsagoat30to43
mils/kWhfor OTEC-generatedlectricityversus28milsfornuclear,36milsforcoal
and90milsforoil.
TheNationalInstituteof Oceanographyplanstoundertakea surveyof likely
sitesforOTECplantsoff thePakistancoasts.
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ConclusionsandBroadRecommendations
Onemayhereconsiderthe "strugglefor existence"of thevariousenergy
forms,asseenbyCesareMarchettiof I.I.A.S.A.(seeFig.5)asageneralindicationof
globaltrendsin thevariousenergytechnologiesoverthespan1850upto2100A.D.
Thisshowsquitedistinctlythat,in therecentpast,theusefulspanofanyonefossil
energyformhasbeenof theorderof250years,withanoutstandingpopularityover
50 yearsor so. A similarpatternis emergingfor nuclearenergy(peakingaround
2020A.D.)andappearslikelyforthenewerenewableenergytechnologies,shown
by thedoublelinein therighthandpartof Fig.5. Thus,therehastobeamoreor
lesscontinuouseffortfordevelopmentofnewrenewableformsofenergy.
To sumup the situationin Pakistan,the countrywouldneedto produce
25,000M.W.in theyear2,000A.D.,asagainstaprobableavailabletotalof 6,000
M.W.fromfossilfuelsand9,000M.W.fromhydel.So,thetargetwouldremainshort
by about10,000M.W.andthisgaphastobefilledinwithrenewableenergysources,
amongwhichthemostsignificantaremini-andmicro-hydel,biomass,windenergy,
anddirectsolar-energyconversion,becausethesetechnologiesareata stagewhere
theycanbemoreor lessreadilyexploitedinPakistan.
The economicsof themorepromisingtechnologiesrelativeto theexisting
powerresourcesin Pakistan,e.g.nationalgrid,aregivenbelowin mils/kWh,where
I mil=$0.001,i.e.1.3paisa:
. I
lJ..1~~
ComparewithNationalGrid 30-40mil/kWh
Thisshowsthatprogrammesforatleasthefirstthreeshouldbeundertakeni
all seriousness,whilethefourthbekeptunderconstantreview.Theuseofbiomass
anddirectsolarenergyisparticularlyimportantIn viewof its significancefor rural
areas.
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1. Micro-hydelunits 60 t 10mils/kWh
2. WindPower 80 t 10" "
3. Biomass About20 " " i.e.3,300BTU
4. (a) SolarCollectors 30 - 100" "
(b) SolarCellsArray 300 t 100"
"
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Threeotherrenewabler sourcesshowpromisefor exploitationbytheturnof
thecentury,butagooddealof R&D onthesewouldberequired.Theinstitutional
arrangementsfor R.D.&E.onalltheaboverenewableenergyresourcesareessential
if rapidheadwayis to bemadein theirutilizationformakingupthelargeshort-fall
in Pakistan'sfutureenergyrequirements.Theamountsinvestednowintheseactivi-
tieswouldbe repaidmanythousand-foldin termsof increasedproductivityand
prosperityinthedecadestocome.
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Commentson
"RenewableSourcesof Energyin Pakistan"
I shallfirstthanktheorganizersof theconferenceandtheDirectorof the
Institutefor givingmethisopportunityto takepartin thisconferenceandto be
amongoldfriendsagain.Thereisverylittlethathasnotbeensaidduringthesefew
days;soI shalltrynotto consumetoomuchof yourtimeandyour- hopefully-
renewablesourcesof energy.I amhappytotellyouthatI amthelastspeaker.
I amespeciallyhappyto havebeenchosento commentonthispaperforone
reasonandnotsohappyfor anotherone. Thetworeasonsare:(1) I alwaysfound
thepresenttopicof renewableenergyresourcesveryurgentandI amhappythatit
hasbeentakenup,and(2) I regardthepresentationfDr.Qurashiveryinformative
andconstructive.Thisputsmeintotheunhappyposition,becauseI maynotbeable
tocommentonitadequately.
It is veryfortunatethattheauthorisa naturalscientist;for thismayleadto
aninter-disciplinaryapproachtosolvingthequestionsbeforeus.
Oneof the reasonsfor thestagnationandevendeclineof worldoil prices
duringthepastfewyearsreportedlyisthatthemajoroilexporters,especiallySaudi
Arabia,hadto accepthefactthatthedemandfor oil isprice-inelasticonlyin the
shortrunwhereasin themidandlongeruntheindustrializedcountrieshaveproved
I theirabilityin twofields,viz. (i).tomakebetteruseofenergyand(ii)tomobilize
additionalsources,includingrenewableones. If theoil pricegoesup too much,
I alternativesourcesandtechniquesfor energystartto breakeven.Sinceonecan
expectnewtechnologiesto becomemoreefficientovertime,marketsharesmaybe
lostfor oil, evenin a situationof fallingoil prices.Therefore,highpricepolicies
beareconomicrisksfor theoil exportersnotonlybecauseofaworldrecession,but
alsobecauseof inducedtechnologicalchange.
Thenewpolicyto keeptheoil pricein a limitedrangehaspaidoutsofar. In
the West,especiallyin Germany,coalis againpilingup andtheconstructionof
nuclearpowerplantshasbeenshelved,nottospeakof R & 0 (researchanddevelop-
ment)fundsfor developingrenewablenergysources,whichwerehighlyregarded
for ashortwhileandagainhavebeenleftasanobscureplayingroundforecologists
andanti-nuclearctivists.
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Otherlikelyrenewablesourcesare:
(a) geothermal;
(b) ocean;and
(c) nuclearfusion.
At present,hereis littlebreathingtime,andPakistancoulduseit tointensify
itsresearchinthisfield,withequalemphasisonwhatistechnicallyandeconomically
feasible,as a combinedeffortof naturalscientistsandeconomists.It couldbe
regardedasanobligation,anopportunity,andachallenge- asanobligationbecause
theworldenergymarketmightchangefortheworsewithoutforewarning;asanop-
portunitybecauselow oil pricesgivesamebreathingtime;andasachallengesince
theindustrialcountriesarenotusingthisbreathingtimetoowell,givinglow-income
but technologicallyadvancingcountries,likePakistan,a goodchanceto catchup
technologically.In the19thcenturyit wasthecombinationof inventorsandbusi-
nessmen,bothoftenwithlittleformaleducation,whichbroughthebreakthroughin
energy.Todaythingshavebecomemorecomplicated,andscientists,maybeeven
economists,arerequiredforfurtherinnovations.
I shallskipdiscussingtechnicaldetails,whichmightbetootiringaftersomany
papers,andleavetheseto thegeneraldiscussion.Anyway,I wouldsubscribeto
Dr. Qurashi'selaborations,maybewith the onlymajorexceptionthat I would
includefuelwoodintobiomass,whichis Pakistan'sprimetraditionalandrenewable
energysource.Energybalanceshaveto becalculatedforintensiveforesting,includ-
ing fertilizingof just growingshrubsandtrees,utilizedfor heating,cookingin
privatehouseholdsa wellasinhomeandsmall-scaleindustry.
In thisconnectionwatershedmanagementplaysanimportantrolebecauseit
helpsto raisewater-holdingcapacityof mountainforests,thusreducingtheneed
for storagebasinsandrescuingfertilevalleysfrombeingusedasstoragebasinsfor
hydelenergyproduction.
Whereasomeinformationis availableon thehydelpowerpotential,most
basicinformationonwindenergyismissing,especiallytheseasonalityandreliability
of minimumwindvelocitiesandthenetbenefitforexcesswindenergyfedintothe
nationalgrid.
Anotherpoint is thatrenewablesourcesof energyarecommonlydiscussed
with respectto heatingpurposesor generationof electricity.Dr. Qurashirightly
mentionsutilizingwindformillingandpumpingofwater.
Theknownreservesof finiteenergyin Pakistancanbeestimatedto beabout
24 x 1015Kilo Joule(K.). At thegivenlevelof consumption,thiswouldbesuffi-J
cientfor43years,evenwithoutusingthehydroelectricpotential.
Finally,I thankDr. QurashiwithwhomI hada seriesof veryinspiringdis-
cussionson energymattersduringtheconference,andI amsurethathewill be
preparedtosharehisknowledgeasascientistwitheconomists,whowillcarryonthis
studyonrenewablesources.
For low-incomecountries,weobviouslycanobservea similardevelopment.
Pakistandoesnotseemto beanexception,if weonlythinkof conventional,finite
resources.Theplansto setupa conventionalthermalpowerplantbasedonLakhra
coalareonandoff thetable,dependingonthelatestdevelopmenti theinternation-
alenergymarket.
I havebeenfollowingtheseplansalmostsincetheinceptionof theAppropri-
ateTechnologyCorporationDevelopmentOrganizationi themid'70s,andI amnot
surprisedto findactionsforutilizingrenewableenergysourcesbeingslow.
Dr.Qurashi'smessageisveryclear:
1. Weshallneedmoreenergyforthecountry'sdevelopment.
2. Thenon-renewableenergysourceswill notbesufficientworld-wideor
inPakistan.
3. Wehavetoconcentrateonalternative,i.e.renewable,sources,namely:
- Hydroelectricity;
- Biomass,biogas(I wouldalsoincludefuelwood);
- Solarenergy;and
- Windenergy.
Thereis no timehereto go intodetailsof Dr. Qurashi'sassessmentof esti-
matingthepotentialandthe likelycost'of differentalternatives.However,I also
arrivedat similarfiguresasDr. Qurashi.Giventhepresentstateof information,
theycanonlygiveaveryroughideaof themagnitudes.
I wouldliketoaddafewgeneralremarks.In ahistoricperspective,in thefield
of renewablenergysources,we definitivelyhaveto expectdifferentechnical
coefficients,o wedo notknowto whatextentwecanmakeuseof cross-country
andinter-temporalnalyses.Weknowthattheindustrializedcountriesusemore
energypercapitathanthelow-incomecountriesandwedoknowthattheindustrial-
izedcountrieshaveincreasingenergyconsumptionwithincreasingproduction.But
wealsoknowthattheirproductiongrewduringtherecentime,whiletheirenergy
consumptionwasreceding,andwe do knowthatnewtechnologieswill be less
energy-intensive.I shallcitetwoexamples:micro-computersandbio-chemistry.
Energydemandis a functionof economicgrowth,andeconomicgrowth
dependsonenergysupply.Fixedcoefficientsshouldbemeaningfulonlyforshort-
termprojections.So anylong-termextrapolationsmayjustindicatethedirection
andspeedof theenergydemandto beexpected.ButasI triedto spelloutandas
Dr. Qurashihasshown,theenergyproblemhasbeenshelvedratherthansolved,and
renewableenergysourcesmaysoonberequiredurgentlyto fill thegap.
ResearchEconomist,
SouthAsiaInstitute,HeidelbergUniversity,
Heidelberg,WestGermany
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